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Abstract
Purpose: The increased healthcare costs, improved service quality, and sustainability-oriented 
customer demand have forced the healthcare sector to relook their current process. The present 
work deals with the identification, analysis, and prioritization of Just in Time (JIT) enablers in 
the healthcare sector.
Design/methodology/appr ach:  JIT leads to waste reduction, improves productivity, and 
provides high quality patient care. The practical implementation of JIT depends on vital factors 
known as enablers. The enablers have been found through the comprehensive literature review 
and prioritized using responses from different healthcare facilities of national capital region of 
India. Grey Relational Analysis (GRA) has been used in the present study to rank enablers and 
ranks were further validated using fuzzy TOPSIS and sensitivity analysis.
Findings: It has been found that top management support, teamwork, and real-time information 
sharing are the most significant enablers of JIT in healthcare with grey relational grades 0.956, 
0.832, and 0.718, respectively. The corresponding closeness coefficients of the fuzzy TOPSIS 
for the enablers were found as 0.875, 0.802, and 0.688, respectively. The findings of the present 
research work will facilitate the healthcare organizations to implement a comprehensive JIT 
approach that further leads to improved patient care at low cost.
Originality: The present study is unique in terms of the exploration of the readiness measures or 
enablers of JIT using GRA and fuzzy TOPSIS. The findings of the present research work will 
facilitate the healthcare organizations to optimize their resources for better patient care.
Keywords: Just in Time; Enablers; Healthcare; Grey relational analysis; Fuzzy TOPSIS; Patient 
care.
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1. Introduction
With increasing globalized competition and demand for high specification products 
organizations need to relook their operational strategies (Kaswan and Rathi, 2020). To be 
sustained in this scenario, industrial organizations have to produce high-quality products at the 
lowest possible cost. In the past decades, the industrial organizations have been adopted 
strategies like Total Quality Management (TQM), Kanban, Kaizen, Six Sigma, Just in Time 
(JIT), etc. for achieving excellence in operation dynamics (Hussain et al., 2019). Among these 
approaches, JIT has been emerged a strategic initiative in manufacturing since the inception of 
the 1980s (Krishnamurthy, 2007). JIT makes everyone in the organization responsible for the 
built-up of quality in the product or system (Khorasani et al., 2019). JIT system considers the 
production of goods and services at the right time, in the right quality, and quantity (Kaswan et 
al., 2019). It advocates for better relationship among all the partners of the supply chain through 
better management and real-time information sharing (Mehrjerdi, 2011).  Besides, manufacturing 
the principles and philosophy of JIT is also equally applicable for service organizations. Figure 1 
depicts a conceptualized model of a JIT system.
Figure 1: Conceptualized JIT model
The services organizations are adopting improvement measures from manufacturing sector for 
achieving excellence in production and delivery of high specification products (Henrique et al., 
2020; Kaswan and Rathi, 2020). Despite, its evolution in the manufacturing JIT found its 
foundation in a slew of service sectors like banking, finance, education, hospitality, and 
healthcare sectors ( Barlow, 2002; Khorasani et al., 2019). It provides driving force to the service 
function for systematic redesigning of operations that will be the pioneer in the age of high 
competition (Nisar et al., 2014). 
The healthcare sector consists of businesses that provide medical services, medical insurance, or 
otherwise facilitate the provision of healthcare to patients. Thus healthcare sector provides the 
intangible benefits whereas manufacturing sector offers tangible benefits. The healthcare sector 
is related to service industries and other side, the manufacturing sector involves in development 
of new product/components. Therefore, the quality service and distribution of the right product at 
the right time becomes crucial in the healthcare sector as compared to manufacturing sector 
(Singh and Rathi, 2019). Besides, the evolution of new diseases, increased cost of healthcare are 
continuously enforcing the entire word, especially developing nations, to promote the mitigation 
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measures for better patient care (Gupta, 2012). Besides, financial burdens, increasing population 
have brought instant actions for the developing nations to eradicate various non-value added 
costs from healthcare. The increased cost of healthcare can be attributed to suboptimum 
utilization of the resources, non-availability of real-time information sharing, etc. This can be 
addressed through advance medicare knowledge and adoption of new technologies (Pakdil et al., 
2020). Healthcare organizations are in the constant run to adopt new methods and measures that 
provide improved patient care at a reduced cost.
There is an immense need for training and deployment of new approaches and technologies to 
address the operational challenges of the healthcare sector (Anuar et al., 2019). The Healthcare 
sector is looking for new ways to reduce costs without compromising patient care. The 
healthcare services in many nations focused on lowering the cost of acquisition of medical items 
to reduce the overall costs (Mustaffa and Potar, 2009). JIT can be a possible solution at this 
juncture as its all-encompassing philosophy geared to eliminate wastes. JIT implementation is a 
substantial task, but if implemented with through knowledge base and in an incremental manner; 
it leads to substantial improvement in healthcare service (Kaswan et al., 2019). JIT also 
facilitates to involvement of each employee in the organization for building the quality as well as 
overall continuous improvement. The researchers adopted the numerous tool and techniques of 
JIT i.e. Kanban, standardize work, Talk Time, etc. for reducing waste and enhancing quality 
(Singh et al., 2020). As in many cases, JIT execution has been failed due to a lack of substantial 
insights into enablers that promote its successful execution. For this, the present research work 
deals with the identification and prioritization of JIT enablers in the healthcare sector. The 
prioritization of facilitators has been done through the advanced decision making approach Grey 
Relational Analysis (GRA). The results of the study were validated using fuzzy Technique for 
Order of Preference by Similarity to Ideal Solution (TOPSIS). The sensitivity analysis also has 
been used to ensure more robustness in the result of the present research work. The ranking of 
enablers facilitates the practitioners and healthcare people for incremental JIT implementation 
through systematic focusing on the prominent enablers.
The manuscript consists five sections, including the introduction. The literature review pertains 
to the current research work is presented in the 2nd section of the article. The 3rd section depicts 
the methodology adopted in the present work. The 4th section represents the results and 
discussion. The conclusions drawn from the present study is presented in final section.
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1. 1 Research objectives
The present study was realized to accomplish the following goals:
 To recognize the JIT enablers in healthcare organizations.
 Prioritization of JIT healthcare enablers using: GRA and authentication of the same 
through fuzzy TOPSIS and sensitivity analysis.
 Facilitate the healthcare industry to implement JIT philosophy through systematic 
focusing on the prominent enablers.
2. Literature review
The literature review section consists of literature search methodology; literature summary of JIT 
pertains to healthcare, and identified research gaps from the study.
2.1 Literature search methodology
The literature search methodology adopted in the present study is systematic literature review 
(SLR) of JIT (figure 2). The SLR provides a clear, inclusive, and translucent approach to 
literature survey to ensure that literature review was conducted with utmost care (Garza-Reyes, 
2015).  It is a method to recognize, appraise, and synthesis the prevailing body of completed and 
recorded work formed by the researchers (Chugani et al., 2017). The phases associated with SLR 
are:
2.1.1 Strategic Phase
To find out the elements of JIT for sustainable healthcare, the article from 1995 to 2020 have 
considered in the present research study. The articles have been found using the search engine of 
Elsevier, Taylor and Francis, Springer, Wiley, Emerald, Inderscience, etc. so that no pertinent 
article left from the research point of view.
2.1.2 Conducting Phase
In this phase of SLR, relevant research articles have been found using the search string Just in 
Time; enablers; healthcare; grey relational analysis; fuzzy TOPSIS; patient care. The exclusion 
criteria used for the literature search where article before 1995, grey literature (conference and 
reports), and articles of languages other than English.
2.1.3 Report Phase
In this phase of SLR the article pertains to JIT in the healthcare sector have analyzed through to 
find out the critical enablers for the JIT implementation for sustainable qualitative healthcare 
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system. The SLR of JIT leads to the identification of 10 prominent enablers that facilitate the 
execution of JIT in the healthcare system. 
Figure 2: Literature search methodology
2.2 literature review of JIT pertains to healthcare
To provide affordable, equitable, and qualitative healthcare service must be the prime focus for 
any prosperous society and nation. The healthcare sector is one of the most neglected areas, 
especially in developing countries like India. The public healthcare expenditure is steadily 
growing since the last decade, and it was estimated to be 1.58 trillion Indian rupees (1.28% of 
GDP) in 2018 (Government of India, Healthcare report, 2019). This expenditure was quite low 
as compared to the developed nations like the USA that spends nearly 17% expenditure of GDP 
on healthcare services. Figure 3 depicts the public healthcare expenditure of India from 2013-
2018. But to mitigate the new disease's pattern like COVID-19, the developing nations have to 
invest in new healthcare infrastructure development and procurement of new medical 
technologies. The financial constraints and increasing population, together with the limited 
number of doctors, make the situations perishable for the Indian healthcare system. India has the 
lowest number of physicians among the BRICS nations, and nearly 60% of the people don’t have 
healthcare facilities within the vicinity of 5 kilometers. In the offing, healthcare-related expenses 
will increase, and it will be challenging for developing nations like India to provide high-quality 
patient care at an affordable cost. So, there is an urgent need to reduce the various non-value 
added activities in healthcare that leads to reduction in healthcare delivery cost and wastage of 
time.  Kumar et al. (2020) identified the challenges faced by healthcare system during epidemic 
outbreak and proposed solutions in terms of IoT and artificial intelligence for reduction in 
healthcare costs. Narkhede et al. (2020) identified capabilities, scale of usage, and challenges 
faced by different countries to deploy cloud computing (CC) in healthcare systems. Besides, key 
challenges related to use of information technology enabled tools in healthcare adoption of Lean 
practices in healthcare was also not explored extensively. Kelendar et al., (2020) found that Lean 
has potential for sustainable benefits in healthcare but has inconsistent outcomes in terms patient 
flow, and service delivery. It has been found that progress of Lean thinking thwarted as medical 
professional did not engage and provide clinical leadership for Lean deployment (Lindsay et al., 
2020). Hallam and Contreras (2018) stated that Lean tool adoption leads to operational 
excellence but its implementation is still highly localized and needs system wide approach. 
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Poksinska et al. (2017) found that Lean adoption leads to improved patient care through 
improved value stream, knowledge base and clinical expertise. Patri and Suresh (2018) identified 
critical factors based model for adoption of Lean practice in healthcare sector. Lean management 
principles and tools can be adopted to address key challenges of healthcare system. JIT provides 
impetus to build strategic partnership with the suppliers, managing operations, and providing 
qualitative inpatient care (Abdallah and Alkhaldi, 2019).  It reduces wastage of time and money 
that leads to better utilization of the healthcare resources.
To implement JIT in the healthcare system, a comprehensive understanding of the enablers is 
essential. The enablers are the success factors that provide the preparation measures for the 
implementation of a strategy. JIT is a tool of lean management that aims to deliver products or 
services in the right quality, quantity, and at the right time (Spencer, 1995; Rathi et al., 2017). It 
is a philosophy of manufacturing based on planned elimination of wastes and continuous 
improvement of productivity. The JIT philosophy had its roots after World War II when the 
Japanese were striving to compete with the U.S. manufacturing system (Joosten et al., 2009; 
Rathi et al., 2015). Taichi Ohno was the founder of this philosophy. The essential elements of 
JIT were developed by Toyota in the 1950s and became known as the Toyota Production System 
(TPS).  JIT was well-established in many Japanese factories by the early 1970s.  
       
Figure 3: Public healthcare expenditure in India
The implementation of JIT is a continual process, and it demands whole hearty co-operation 
from everyone in the organization. The JIT concept has migrated from manufacturing to the 
service sector. It has applied in numerous service industries: hospitality; banking; finance; 
education, etc. (Barlow, 2002). The JIT found its root in healthcare for logistics management 
(Aptel et al., 2009), improving decision making (McGowan et al., 2008), material management, 
etc. In the past, researchers made pursuits to find out the elements of JIT in banking, finance, 
education, etc. But there is no evidence in the literature for the identification and analysis of JIT 
enablers in the healthcare sector for improved patient care. 
2.3 Research gaps
JIT implementation leads to improved patient care, process flow, and service delivery at reduced 
cost that creates a win-win situation from hospital and patient prospective. JIT has been used in 
the healthcare sector for material management (Heinbuch, 1995); logistics management (Jarret, 
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2006); strategic decision making in the complex environment (Mc Gowan et al., 2008), and for 
improving healthcare operations. But the literature lacks enough evidence on the identification 
and analysis of JIT healthcare enablers that facilities smooth execution of this approach. From 
the best of the knowledge of authors no study has been conducted that provides systematic 
investigation of JIT healthcare enablers using hybrid GRA and fuzzy TOPSIS method. So, the 
existing gaps in the study provide an impetus and direction to conduct this study. The demand 
for qualitative inpatient care, reduced service time, optimum utilization of resources, and 
affordable healthcare costs also motivates for the execution of the present research work.
3.  Research methodology
The research methodology adopted in the present work consists of three phases (figure 4). In the 
first phase, the JIT enablers in healthcare have been found from the comprehensive literature 
survey. The second phase of the methodology depicts the prioritization of the JIT healthcare 
enablers using GRA. The results of the study were validated firstly using fuzzy TOPSIS method 
and then sensitivity analysis in the final phase of the adopted methodology. 
Figure 4: Research Methodology
Phase 1
To find out the enablers pertains to JIT; a comprehensive literature survey was done using the 
database of prominent publishers. Table 1 indicates identified JIT enablers in the healthcare 
sector.  The organizations cannot emphasize on all set of enablers in a single point of time, so 
there is a need to prioritize the enablers. The prioritization of the JIT elements was performed 
using the GRA.  The responses have been collected from the 20 healthcare (5 personnel from 
each healthcare unit) services in the national capital region of India. To obtain the responses, a 
questionnaire has been prepared, and the healthcare personnel have enquired to fill the answers 
on five points Likert scale where “1” designates very low and “5” represents very high.
Table 1: JIT enablers in the healthcare sector
Phase 2
The responses collected from the personnel were analyzed to rank JIT enablers using the GRA. 
The grey theory proposed by Deng (1982) has been widely used by the decision-makers in real-
life applications. It has proved to be quite efficient in situations where the information is 
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incorrect and uncertain. It has  been applied in various real-life situations like analyzing the 
sustainable supply chain barriers (Sridharan et al., 2019); green supplier selection (Hashemi et 
al., 2015); cotton fabric selection (Chakraborty et al., 2019), etc. GRA has been used in the 
present work as it offers distinct advantages over other decision making approaches: dynamic 
nature that gives opportunities for the change in the number of parameters (Bademlioglu et al., 
2020). 
The steps of GRA are as follows:
Step 1: The first step of the GRA method is to transform the performance of all the alternatives 
in a comparability sequence. For this, the normalized values were obtained using equation (1), as 
high values of alternatives are better.
 =         (1)   𝑥 ∗  𝑖 (𝑘)  
𝑥0𝑖 (𝑘) ― min 𝑥0𝑖 (𝑘)
𝑚𝑎𝑥 𝑥0𝑖 (𝑘) ― 𝑚𝑖𝑛 𝑥0𝑖 (𝑘)
Step 2: The grey relational coefficients were calculated in this step between all the comparability 
sequences and the ideal target sequence.
     (2)𝜉𝑖(𝑘) =
△ 𝑚𝑖𝑛 + 𝜉. △ 𝑚𝑎𝑥
△ 𝑜𝑖(𝑘) + 𝜉. △ 𝑚𝑎𝑥
= the deviation sequence△ 𝑜𝑖
=   △ 𝑜𝑖 ‖𝑥 ∗𝑜 ― 𝑥 ∗1 𝑘‖
(3)
Step 3: In this step, the grey relational grade (GRG) has been estimated using the grey relational 
coefficients between the ideal target sequence and every comparability sequence using equation 
(4)





here,  𝑤𝑘(𝑘) = 1
Corresponding to the GRG, the ranks of JIT enablers have been found. To check the ranks of JIT 
enablers found using GRA, fuzzy TOPSIS has been used.
Phase 3
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The validation JIT enablers rank was done using the fuzzy TOPSIS method. It is used when the 
values given by the decision-makers are linguistic, not crisp. It is beneficial in those situations, 
where alternative are to be selected corresponding to different criterion because it reduces the 
vagueness in the qualitative human judgment (Memari et al., 2019). The TOPSIS method is a 
well-known MCDM method that uses both positive ideal and negative ideal solution for decision 
making (Şengül et al., 2015; Singh et al., 2021). The TOPSIS has been used in this work as it is 
easier to understand and implement compared to other MCDM techniques like PROMETHEE 
that is complicated as well as less transparent to the decision makers (DMs) (Yazdi et al., 2020).
The following are the steps of the fuzzy TOPSIS approach.
Step 1: Response collection from the Decision-makers
The responses have collected from three healthcare personnel (decision-makers) of the case 
healthcare industry (doctor, pharmacist, and purchasing manager). For the realization of TOPSIS 
in this study, the authors have selected a single healthcare unit of Delhi region.  The responses 
were collected in the form of linguistic variables and further converted into the fuzzy number 
using table 7.
Step 2: Formulate combined decision matrix
The combined decision matrix has been formulated using equation (5)
 , ,                (5)𝑎𝑖𝑗 =  
𝑚𝑖𝑛
𝐾
{𝑘𝑎𝑖𝑗} 𝑏𝑖𝑗 = 1𝐾∑𝐾𝑘 = 1
𝐾




Step 3: Normalized fuzzy decision matrix
The normalized Fuzzy decision matrix denoted by 𝑅




      (7)
^





𝐶 ∗𝑗 ) 
                                                             here,  𝐶 ∗𝑗 = 𝑚𝑎𝑥𝑖 [𝐶𝑖𝑗]
     (8)
^





Step 4: Compute the weighted normalized fully decision matrix
The weighted normalized decision matrix   is defines as  𝑉
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, i= 1, 2, … m: j=1, 2,……………, n    (9)𝑉 = [~𝑣𝑖𝑗]
𝑚 × 𝑛
   represents the importance weight of criterion j            (10)𝑣𝑖𝑗 = 𝑟𝑖𝑗 × 𝑤𝑗 𝑤𝑗,
                                           (11)𝐴1𝜃 𝐴2 =  (𝑎1,𝑏1,𝑐1)𝜃(𝑎2,𝑏2,𝑐2) = (𝑎1 × 𝑎2, 𝑏1 × 𝑏2,  𝑐1 × 𝑐2,  )
Step 5: Determine the fuzzy positive and negative solution
Because the positive triangular Fuzzy numbers are included in the interval [0,1], the Fuzzy 
positive ideal reference point (FPIS, ) and Fuzzy negative ideal reference point (FNIS, ) 𝐴 ∗  𝐴 ―
hence can be defined as:
               (12)𝐴 ∗ = (𝑉 ∗1 ,𝑉 ∗2 , 𝑉 ∗3 ………….. 𝑉 ∗𝑛 )
Where, 
𝑉 ∗𝑗 = 𝑚𝑎𝑥
𝑖
{𝑉𝑖𝑗3}
                (13) 𝐴 ― = (𝑉 ―1 ,𝑉 ―2 , 𝑉 ―3 ………….. 𝑉 ∗𝑛 )
𝑉 ―𝑗 = 𝑚𝑖𝑛
𝑖
{𝑉𝑖𝑗1}
Step 6: Compute the distance of each alternative from FPIS and FNIS
The distance of each alternative were calculated from FPIS and FNIS using equation (14) – (16).
     (14)𝑑(𝑥,𝑦 = 13(𝑎1 ― 𝑎2)2 +  (𝑏1 ― 𝑏2)2 + (𝑐1 ― 𝑐2)2)
     (15)𝑑 ∗𝑖 = ∑
𝑛
𝑗 = 1𝑑(𝑣𝑖𝑗,𝑣 ∗𝑗 )
     (16)𝑑 ―𝑖 = ∑
𝑛
𝑗 = 1𝑑(𝑣𝑖𝑗,𝑣~𝑗 )
Step 7: Compute the closeness coefficient
Once the closeness coefficient ( ) was determined, the ranking of all the alternatives has been 𝐶𝐶𝑖
made, allowing the decision-makers to select the essential alternative. The closeness coefficient 
of each alternative was obtained using equation (17).
  ,  i= 1, 2,…….., m     (17)𝐶𝐶𝑖 =
𝑑 ―𝑖
𝑑 ―𝑖 + 𝑑 ∗𝑖
4. Results and Discussion
The present research work deals with the identification and analysis of JIT enablers pertain to the 
health care industry. The enablers have been found through the comprehensive literature survey. 
The responses were collected from the healthcare personnel in phase 1. The GRA analysis has 
been used in this study to rank the enablers.
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4.1 Computational steps of GRA for analysis of JIT enablers
The grey relational analysis has been executed through the following steps.
Step 1: The normalized values have obtained using equation (1), to transform the performance of 
all the alternatives in a comparability sequence. Table 2 depicts the responses from five coteries 
of healthcare personnel (5 healthcare personnel from 20 services) corresponding to each enabler.
Table 2: Responses from industrial personnel
Table 3: Comparability sequence matrix
Step 2: In this step, the grey relational coefficients were calculated using the deviation sequence 
(Table 4). The grey relational coefficients were found using equation 2. Table 5 depicts the grey 
relational coefficients 
Table 4: Deviation sequence
Table 5: Grey relation coefficient
Step 3: In this step, the grey relational grade was estimated from the grey relational coefficients 
using equation (4). The corresponding ranks have been calculated from the grey relational 
coefficients. Table 6 depicts the grey relational grades and ranks of the JIT enablers.
Table 6: Grey relation grade and ranks of LCA barriers
The ranks of JIT enablers were further authenticated using the fuzzy TOSIS.
4.2 Computational steps of Fuzzy TOPSIS for validation of JIT enablers ranks
Step 1: Response collection from the Decision-makers
The responses were collected from three decision-makers for the validation of JIT enabler’s 
ranks. The responses were collected for all the facilitators against three criterion productivity, 
serviceability, and time in terms of linguistic variables. The responses were further converted 
into the corresponding fuzzy numbers using table 7. The responses in terms of both linguistic and 
fuzzy have been provided in the supplementary file.
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Table 7: Fuzzy set
Step 2: Formulate combined decision matrix
The combined decision matrix has been formulated using equation 5. Table 8 depicts the 
combined decision matrix.
Table 8: Combined decision matrix
Step 3: Normalized fuzzy decision matrix
The normalized fuzzy decision matrix  was obtained using equations 7 and 8. Table 9 
^
𝑅
represents normalized fuzzy decision matrix
Here,      for productivity;   for serviceability and  for time.𝐶 ∗𝑗 = 9 𝐶 ∗𝑗 = 9 𝑎𝑗 = 1
Table 9: Normalized fuzzy decision matrix
Step 4: Weighted normalized fully decision matrix
The weighted normalized fuzzy decision matrix   was obtained using equations 9, 10, and 11. 𝑉
Table 10 depicts the weighted normalized fuzzy decision matrix. The weights of the criterion 
productivity, serviceability, and time with their corresponding fuzzy sets are (5, 7, 9), (7, 7, 9), 
and (1, 3, 5), respectively.
Table 10:  Weighted normalized fuzzy decision matrix
Step 5: Determine fuzzy positive ideal and negative ideal solution
The fuzzy positive ideal solution (FPIS)   and negative ideal solution (FNIS)   were  𝐴 ∗  𝐴 ―
calculated using equation (12) and (13), respectively. Table 11 depicts FPIS and FPNS.
Table 11:  Fuzzy positive ideal and fuzzy positive negative solution
Step 6: Compute the distance of each alternative from FPIS and FNIS
The distances  and  of each alternative were calculated using equation (14) - (16). Table 𝑑 ∗𝑖 𝑑 ―𝑖
12 depicts the distance of each alternative from FPIS. Table 13 represents the distance of each 
alternative from FPNS.
Table 12: Distance of each alternative from FPIS
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Table 13: Distance of each alternative from FPNS
Step 7: Calculate the closeness coefficient and Rank of JIT enablers
The closeness coefficient ( ) was determined using equation (17). Once the ( ) identified 𝐶𝐶𝑖 𝐶𝐶𝑖
corresponding to the values of the  ranks of JIT enablers were established. Table 14 depicts  𝐶𝐶𝑖
the JIT enablers ranks based on GRA and fuzzy TOPSIS, and it has been found high consistency 
among the ranks of the enablers using both methods.
Table 14: Ranks of JIT enablers using fuzzy TOPSIS and comparison with GRA ranks
4.3 Sensitivity analysis
In the present study integrated GRA-fuzzy TOPSIS method has been used to analyze the 
enablers of Just in Time in healthcare sector. Besides, to have more robustness in the results 
authors performed sensitivity analysis. The sensitivity analysis is an important tool to check the 
biasness in the results (Prakash and Barua, 2016).  Sensitivity analysis is performed by changing 
the responses of the personnel with varying percentage and noting down changes in the output 
parameters (Mangla et al., 2015; Rathi et al., 2019).  In table 15, GRGs has been computed by 
using concept from Bademlioglu, et. al (2020) and ranks of the enablers during different runs of 
the sensitivity analysis.  It has been found that for enabler E1, GRG did not change significantly 
during different runs of sensitivity analysis and that also not affected ranks of other enablers 
considerably. It has been found that for top ranked enablers, the GRGs did not change 
significantly during different runs of sensitivity analysis. So, ranks of top five rank enablers have 
been found same throughout during different runs and this signify the robustness in the results of 
the study. Figure 5 depicts ranks of JIT enablers using radar chart for different run of the 
sensitivity analysis. The outermost blue layer depicts the ranks of JIT enablers with +20% 
variations in the input responses. It has been found that for top ranked enablers (E6, E5, E8, E9, 
and E4) the radar chart for different degree of responses skewed to one poi t that signifies that 
there is no variation in the ranks of the said enablers for different trials of the sensitivity analysis. 
The trends of the change in GRGs of enablers in table 15 and ranks in radar chart present the 
same pattern. So, the ranks of the enablers did not change considerably, which depicts the 
characteristic of a consistent system. Therefore, the sensitivity analysis confirmed that the model 
and results presented in the study was consistent and reliable.
 Table 15: GRG and ranks of JIT enablers using sensitivity analysis






























































orld Journal of Engineering
Figure 5: Ranks of JIT enablers using Radar chart of sensitivity analysis
The changing disease patterns, increased healthcare costs, skewing health insurance have forced 
the healthcare sector of the developing nations to change their operational dynamics. JIT 
philosophy leads to better patient care with reducing costs through effective utilization of 
resources. JIT advocates the voice of patients through service time reduction, timely delivery of 
information and goods, saving in expenses, etc. The very first step for the inclusion of JIT in the 
healthcare system is to figure out the bottlenecks and inefficiencies. The JIT enablers facilitate 
systematic eradication of bottlenecks and guide its effective utilization. The healthcare sector, 
due to the limited availability of time, cannot pinpoint all the enablers in a single time frame, so 
it is essential to prioritize the enablers. The prioritization provides a systematic way to focus on 
the most critical enablers at the starting stages of JIT implementation. 
So, the present study deals with the identification, investigation, and prioritization of JIT 
enablers in healthcare system. The ranking of JIT enablers was done through GRA and validated 
the same through fuzzy TOPSIS. The top management support (TMS) has been found as the 
most prominent JIT enablers with GRG 0.956.  TMS is the main force to implement JIT in 
healthcare because absolute power on the significant decisions lies with the management. The 
management permits culture of mutual learning, teamwork, and provides financial assistance for 
the training and procurement of new medical technologies (Kaswan and Rathi, 2019; Kaswan et 
al.2020). The top management should encourage any pursuit that leads to leaner operations at 
every step of the healthcare supply chain. The teamwork with GRG 0.832 has been found as the 
2nd most significant enablers in healthcare. The teamwork prompts the culture of learning, 
cooperation, and that leads to the creation of the cross-function teams within the healthcare 
system (Kumar and Kaswan, 2016; Talib et al., 2019). The underline principle of teamwork 
under JIT philosophy is that everyone is responsible for the quality. The organizations deliver 
better inpatient care, reduce the waste of time, and lead to the effective utilization of the most 
precious resources through the ambiance of teamwork. 
The JIT aims to reduce the inventory to zero levels, but in healthcare, as human life is connected, 
so, the storage of the items cannot be reduced to zero. The stock of medical items should keep at 
an optimum. There is a need for real-time information sharing among all partners of the supply 
chain to manage the inventory in the healthcare organizations. Real-time information sharing 
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through electronic data interchange has been found as 3rd prominent GLS enablers with GRG 
0.718.  The effective sharing of information not only helps to check the inventory but also track 
patient records so that patient history can be utilized for assistance in better inpatient care. The 
education and training of the health care personnel have been found as the 4th most significant 
enablers with GRG 0.622. The appropriate training of staff in new Medicare technologies and 
approaches like 5’S and various IT tools leads to saving in time and qualitative patient care. The 
5’S and flexible workforce have been ranked at 5th and 6th enablers in JIT ranking. 5’S advocates 
for better housekeeping and reduce unnecessary human movements through the systematic 
arrangement of the healthcare facilities. The flexible workforce comes from the culture of mutual 
learning and teamwork. The cross-functional workforce leads to better utilization of the 
equipment and space of the healthcare service. 
Just in time purchasing (JITP) and the relationship between supplier and hospital (RBSH) also 
have been found significant enablers for effective execution of the GLS program. JIT endorses a 
culture of minimum stock for which there is the need of JITP, But JITP demands a strategic 
partnership with a supplier of the essential healthcare items. Moreover, the supplier must have a 
track of the medicines, vaccines, and other aligned equipment in the healthcare unit. The better 
relationship between supplier and healthcare unit leads to a win-win situation for both parties as 
the healthcare unit does not need to store more items, and the supplier has a fixed customer. It is 
apparent from the discussion on the JIT enablers that everyone is responsible for quality patient 
care at a reduced cost. The management must ensure better utilization of resources; suppliers 
confirm timely delivery of items and cross-trained personnel of the healthcare unit ensures 
timely delivery of high-quality patient care.
The lean thinking has been used in the healthcare sector with piecemeal approach, constricted to 
single department rather than the intended system application (Akmal et al., 2020; Kaswan et al. 
2021). The present work provides impetus for system wide application of JIT with through and 
contextual understanding among the different JIT enablers. According to a study conducted by 
Hussein and Zayed (2020) on critical factors of JIT in construction, JIT execution is highly 
influence by the willing to investment and knowledge and awareness of the JIT practices. The 
present work also signifies that JIT implementation in the healthcare services is highly 
influenced by the management commitment, training and awareness of Lean thinking practices. 
This is also consistent with the findings of the previous studies which have depicted a direct 
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relation among Lean adoption and management commitment toward training and adoption of 
sustainable Lean thinking practices (Bhat et al., 2019; Vaishnavi and Suresh, 2020; Kaswan and 
Rathi, 2021). Naidoo and Fields (2019) also found that strategic leadership and organizational 
attitude and integration of Lean practices as key factors for successful deployment of Lean 
thinking in healthcare. The real time information sharing among the partners of the supply chain 
has been found as one of the key enablers for JIT implementation. The realistic information 
sharing make the healthcare process more streamlined, build strong alliance, and improve the 
quality of patient care (H. van Dun and Wilderom, 2016; Duarte and Cruz Machado, 2017).  
Team work and flexible work force are prominent factors for fast healthcare delivery as due to 
limited resources and availability of the Medicare staff especially in the critical situations, 
different sets of medical aids can be provided by multifaceted staff (Hung et al., 2018). So, 
Medicare staff should be provided efficient training and pragmatic experience for critic situations 
in different aspects of first add and other related patient care.  So, it can be deduced that findings 
of the study are in line with the previous studies of the same nature. The healthcare sector for 
different pandemic situations must adopt Lean practices like JIT for better patient care, efficient 
use of healthcare resources, and a resilient healthcare supply chain. 
4.4 Implications
The present research work exhibits both managerial and theoretical implications. This study 
provides an impetus to the healthcare managers and practitioners to adopt JIT approach through 
systematic understanding and investigation of prominent enablers. GRA of enablers provides a 
systematic hierarchy order for priority of JIT enablers. This facilitates the managers to zero on 
the most significant enablers to ensure the success of the JIT program. According to new policies 
on climate change and intergovernmental pressure to reduce different medical wastes, the study 
motivates systematic execution of JIT for reduce wastes and other inefficiencies in the service 
delivery and other allied processes. The present research work provides a theoretical knowledge 
base to the potential researchers in terms of through understanding of different grey areas 
pertains to JIT philosophy. This will provide a motivational to the researchers for further 
advancement in JIT aspects like, sustainability oriented JIT framework; integration measures of 
JIT with Green Lean Six Sigma (GLS); and modeling of enablers and barriers. The findings of 
the present research work will be valuable to all the dimensions of sustainability, i.e., societal, 
economic, and environmental. The society will gain from the current research work in terms of 
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quality patient care at a reduced cost. The healthcare practitioners will save a lot of dollars 
through the better utilization of space, employees, and other available resources. Moreover, the 
study contributes to Mother Nature in terms of waste reduction that otherwise inducted in the 
environment and leads to the emission of the greenhouse gases.  
5. Conclusion 
The strategic implementation of JIT in healthcare leads to improved efficiency, clinical 
outcomes, gratification and safety for both medical personnel and patients. The healthcare sector 
of developing nations, especially India, is lagging as compared to other counterparts due to 
crunching funds and ineffective resources utilization. Despite this, the healthcare sector can 
flourish in India through the systematic implementation of JIT.  To facilitate smooth execution of 
JIT program, this research work deals with the identification and prioritization of the JIT 
enablers in healthcare. The prominent enablers have been found from the constructive literature 
study. It is indispensable to ranks the enablers to find, enablers that significantly affects JIT 
execution program. So, enablers were prioritized using GRA and ranks were further validated 
using fuzzy TOPSIS and sensitivity analysis to ensure robustness in the results of the study. It 
has been found that top management support, teamwork, and real-time information sharing are 
the noticeable enablers for JIT execution in healthcare. The senior management makes strategic 
decisions, provides finance for training and procurement of new technologies, and creates a 
healthy ambiance for mutual learning and quality service. Teamwork ensures better utilization of 
healthcare facilities, constructs a culture of cross function group that leads to quality patient care. 
The information sharing among the partners of the healthcare supply chain leads to check on 
inventory and also provides better inpatient care through systematic fetching of the past patient 
history. So, strategic focus on the prominent enablers make the execution of JIT smoother that 
consequently leads to better inpatient care, reduced expenses, and leads to prosperous healthcare 
supply chain.
5.1 Limitations and Future scope
Although the study depicts the exploration and investigation of JIT enablers pertain to 
healthcare, there still exist some zones of improvement. Firstly, the present study considers 
enablers of JIT and ranks the same, there may exist some contextual relationship among the 
identified enablers. This limitation of the study needs to be addressed using techniques like 
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DEMATEL, Interpretive Structural Modeling (ISM), etc. Secondly, the present study was 
conducted in the context of the developing economies like, India. So, to make the adopted 
approach more generalized, the case studies from different nations are desired. Finally, this work 
does not demonstrate a strategic sustainable JIT implementation framework that provides a 
through insight to the healthcare managers for assessment of the full potential of this Lean 
philosophy. Theses limitations of the study further provide direction for future research work 
pertains to the adoption of Lean thinking in the healthcare sector.  The potential researchers in 
offing can develop a systematic framework of JIT enablers with their contextual relationships. 
Moreover, JIT in the offing can be integrated with Green and Six Sigma for the mitigation of 
environmental emissions and better patient care.
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1. Hospital Name: _________________________________________________
2. Location: _____________________________________________________
3. Name of the Authority____________________________________________
4. Designation____________________________________________________
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5. Work Experience________________________________________________
6. Department/Ward (Please tick in the appropriate box)
Paediatric  Radio Therapy  
Cardiology  Ophthalmology  
Pharmacy  Neurology  
General  Nephrology  
Physiotherapy  Gynaecology  
Nutrition  Dermatology  
Neurology  Dental  
Maternity  Orthopaedics  
Microbiology  Other  
Urology    
SECTION-B
Enablers of JIT
Please tick mark at appropriate place against each enabler according to the label provided 
corresponding to each enabler.
Scale
Sr. No.
         
           Enablers of JIT 1 2 3 4 5
1 Relation between Supplier and Hospital
2 Flexible Workforce




7 Top Management Support
8 Education Program
     9 Customer Relationship Management
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Table 1: List of 
JIT enablers 
        






Table 3: Description of JIT enablers
Sr. 
No.
Enablers of JIT Description
1 Relation between 
Supplier and 
Hospital
A close relationship between the supplier and hospital is necessary 
for a successful JIT program in a hospital. Under JIT concept both 
the parties have their mutual interests. As supplier and buyer enter 
into a long-term contract, the supplier will work more closely with 
the buyer to ensure a high quality product in order to maintain the 
contractual relationship. In addition, these results in a lower long run 
price as overall volume purchased from one supplier is greater, 
minimal amounts are spent on re-tooling by the supplier, and 
paperwork is reduced to a minimum. A long-term relationship will 
ultimately result in minimum inventories and the elimination of 
     10 Real time information sharing
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buyer inspection. 
2 Flexible Workforce Hospital services are characterized by fluctuations in demand and 
supply. Healthcare organizations must be able to successfully 
balance supply and demand for the service. A flexible workforce is 
an integral element of JIT. Flexible workforce is often defined as 
workers with the capacity to perform more than one job. Hospitals 
can apply this concept to its nursing area.
3 Quality Circles Teams are formed from voluntary workers who meet to discuss and 
resolve problems within their operational area. The possible 
solutions to the problems are then discussed proposed to the 
management.
4 Just in Time 
Purchasing (JITP)
Just In Time Purchasing is another important element for the 
successful implementation of JIT in hospitals. Just In Time 
Purchasing means providing items to the hospital just as they are 
required for use. It is an integrated operation management mode that 
concerns the whole logistical activities of supply chain. In JIT 
purchasing mode enterprise or hospital should work closely with the 
suppliers, establish strategic partnerships, carry out adequate 
information sharing and communication and by the virtue of these 
trying to achieve the goal of zero inventory in supply chain.
5 5’S 5’S is the name of a workplace organization methodology that uses 
a list of five Japanese words which are 
Seiri-Organization,




6 Team Work Working together should be heavily emphasized by top management 
as it is always results in improved performance of an organization.
7 Top Management 
Support
Top management support has been recognized as the most important 
factor in the implementation of JIT because JIT is an innovative 
approach, which requires changes throughout the organization as 
well as the commitment of all people within the organization.
8 Customer Relationship 
Management (CRM)
 
CRM is software by which a patient and doctor can interact with 
each other. By using the software patient can enter his dietary 
information, recovery information, symptoms to the doctor and 
doctor can suggest some important instructions.
9 Real time information Real time information sharing is the method to transmit the available 
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sharing information among employee of the organization. Establish a 
committee to include a Physician Advisor, Nursing, Pharmacy, 
Material Management, Finance, Purchasing and Prime Vendor 
personnel, whose purpose is to standardize material used throughout 
the hospital.  
10 Education program Like any improvement initiative, a successful JIT initiative demands 
a dedicated, well-trained and skilled workforce that
participates fully in continuous improvement. Proper education 
provides the accurate training that would help to build 
multifunctional teams and encourage the people to participate in the 
changing and decision making processes. 
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Figure 1: Conceptualized JIT model
Globalized competition Increased cost Demands for high quality 
products and services
Just in Time (JIT)
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Figure 2: Literature search methodology
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Figure 3: Public healthcare expenditure in India
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Figure 4: Research Methodology
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Figure 5: Ranks of JIT enablers using Radar chart of sensitivity analysis






























































orld Journal of Engineering
Table 1: JIT enablers in the healthcare sector
S. No. Enablers Label References
1 RBSH E1  Manos et al., 2006
2 Flexible workforce E2  Jarrett, 2006; Kollberg et al., 2006
3 Quality circles E3  Heinbuch, 1995; Sloan et al., 2014
4 5'S E4  Whitson, 1997; Antony et al., 2019
5 Team work E5  Joosten et al., 2009
6 TMS E6  Jarrett, 2006; Joosten et al., 2009; Kaswan et al., 2019
7 CRM E7  Winch, 2009
8 Real time information sharing E8  Heinbuch , 1995; Joosten et al., 2009
9 Education and Training E9  Jacobs and Pelfrey,1995; Kim et al., 2006
10 JITP E10  Ha and Kim, 1997; Kumar, 2011
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Table 2: Responses from industrial personnel
S. No. Enablers Doctor PP PT Nurse OS
1 E1 64 58 75 64 61
2 E2 67 69 71 64 71
3 E3 57 59 64 61 58
4 E4 74 71 67 76 69
5 E5 85 83 81 75 81
6 E6 86 88 79 86 82
7 E7 54 61 58 53 57
8 E8 79 81 73 76 83
9 E9 81 69 74 75 77
10 E10 67 72 63 69 68
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Table 3: Comparability sequence matrix
S. No. Enablers Doctor PP PT Nurse OS
1 E1 0.313 0.000 0.739 0.333 0.154
2 E2 0.406 0.367 0.565 0.333 0.538
3 E3 0.094 0.033 0.261 0.242 0.038
4 E4 0.625 0.433 0.391 0.697 0.462
5 E5 0.969 0.833 1.000 0.667 0.923
6 E6 1.000 1.000 0.913 1.000 0.962
7 E7 0.000 0.100 0.000 0.000 0.000
8 E8 0.781 0.767 0.652 0.697 1.000
9 E9 0.844 0.367 0.696 0.667 0.769
10 E10 0.406 0.467 0.217 0.485 0.423
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Table 4: Deviation sequence
S. No. Enablers Doctor PP PT Nurse OS
1 E1 0.688 1.000 0.261 0.667 0.846
2 E2 0.594 0.633 0.435 0.667 0.462
3 E3 0.906 0.967 0.739 0.758 0.962
4 E4 0.375 0.567 0.609 0.303 0.538
5 E5 0.031 0.167 0.000 0.333 0.077
6 E6 0.000 0.000 0.087 0.000 0.038
7 E7 1.000 0.900 1.000 1.000 1.000
8 E8 0.219 0.233 0.348 0.303 0.000
9 E9 0.156 0.633 0.304 0.333 0.231
10 E10 0.594 0.533 0.783 0.515 0.577
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Table 5: Grey relation coefficient
S. No. Enablers Doctor PP PT Nurse OS
1 E1 0.421 0.333 0.657 0.429 0.371
2 E2 0.457 0.441 0.535 0.429 0.520
3 E3 0.356 0.341 0.404 0.398 0.342
4 E4 0.571 0.469 0.451 0.623 0.481
5 E5 0.941 0.750 1.000 0.600 0.867
6 E6 1.000 1.000 0.852 1.000 0.929
7 E7 0.333 0.357 0.333 0.333 0.333
8 E8 0.696 0.682 0.590 0.623 1.000
9 E9 0.762 0.441 0.622 0.600 0.684
10 E10 0.457 0.484 0.390 0.493 0.464
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Table 6: Grey relation grade and ranks of JIT enablers
S. No. Enablers Doctor PP PT Nurse OS GRG Rank
1 E1 0.421 0.333 0.657 0.429 0.371 0.442 8
2 E2 0.457 0.441 0.535 0.429 0.520 0.476 6
3 E3 0.356 0.341 0.404 0.398 0.342 0.368 9
4 E4 0.571 0.469 0.451 0.623 0.481 0.519 5
5 E5 0.941 0.750 1.000 0.600 0.867 0.832 2
6 E6 1.000 1.000 0.852 1.000 0.929 0.956 1
7 E7 0.333 0.357 0.333 0.333 0.333 0.338 10
8 E8 0.696 0.682 0.590 0.623 1.000 0.718 3
9 E9 0.762 0.441 0.622 0.600 0.684 0.622 4
10 E10 0.457 0.484 0.390 0.493 0.464 0.458 7
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Table 7: Fuzzy set
S. No. Linguistic variable Corresponding fuzzy set
1 VL 1, 1, 3
2 L 1, 3, 5
3 A 3, 5, 7
4 H 5, 7, 9
5 VH 7, 9, 9
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Table 8: Combined decision matrix
 Productivity Serviceability Time
Enablers    
E1 5, 7, 9 1, 3.67, 7 1, 3, 9
E2 5, 7, 9 3, 7, 9 5, 7.67, 9
E3 1, 3.67, 7 1, 6.33, 9 1, 3.67, 7
E4 5, 7, 9 1, 5, 9 1, 3, 9
E5 5, 7.67, 9 5, 8.33, 9 3, 6.33, 9
E6 7, 9, 9 5, 7.67, 9 5, 8.33, 9
E7 1, 3, 5 1, 3, 9 1, 3, 5
E8 5, 7, 9 3, 7.67, 9 5, 7, 9
E9 5, 7, 9 3, 6.33, 9 1, 4.33, 7
E10 1, 5.67, 9 1, 4.33, 9 1, 4.33, 9
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Table 9: Normalized fuzzy decision matrix
 Productivity Serviceability Time
Enablers    
E1 0.555, 0.777, 1 0.111, 0.407, 0.777 1, 0.333, 0.111
E2 0.555, 0.777, 1 0.333, 0.777, 1 0.2, 0.130, 0.111
E3 0.111, 0.407, 0.777 0.111, 0.703, 1 1, 0.272, 0.143
E4 0.555, 0.777, 1 0.111, 0.555, 1 1, 0.333,0.111
E5 0.555, 0.777, 1 0.555, 0.925, 1 0.333. 0.157, 0.111
E6 0.777, 1, 1 0.555, 0.852, 1 0.2, 0.12, 0.111
E7 0.111, 0.333, 0.555 0.111, 0.333, 1 1, 0.333, 0.2
E8 0.555, 0.777, 1 0.333, 0.852, 1 0.2, 0.142, 0.111
E9 0.555, 0.777, 1 0.333, 0.703, 1 1, 0.230, 0.142
E10 0.111, 0.63, 1 0.111, 0.481, 1 1, 0.230, 0.111
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Table 10:  Weighted normalized fuzzy decision matrix
 Productivity (5, 7, 9) Serviceability (7, 7, 9) Time  (1, 3, 5)
Enablers    
E1 2.775, 5.439, 9 0.777, 3.663, 6.993 1, 0.999, 0.555
E2 2.775, 5.439, 9 2.331, 6.993, 9 0.2, 0.39, 0.555
E3 0.555, 2.849, 6.993 0.777, 6.327, 9 1, 0.816, 0.714
E4 2.775, 5.439, 9 0.777, 4.995, 9 1, 0.999, 0.555
E5 2.775, 5.439, 9 3.885, 8.325, 9 0.333, 0.471, 0.555
E6 3.885,7, 9 3.885, 7.668, 9 0.2, 0.36, 0.555
E7 0.555, 2.331, 4.995 0.777, 2.997, 9 1, 0.999,1
E8 2.775, 5.439, 9 2.331, 7.668, 9 0.2, 0.426, 0.555
E9 2.775, 5.439, 9 2.331, 6.327, 9 1, 0.690, 0.71
E10 0.555, 4.41, 9 0.777, 4.329, 9 1, 0.690, 0.555
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Table 11:  Fuzzy positive ideal and fuzzy positive negative solution
 Productivity Serviceability Time
Enablers    
E1 2.775, 5.439, 9 0.777, 3.663, 6.993 1, 0.999, 0.555
E2 2.775, 5.439, 9 2.331, 6.993, 9 0.2, 0.39, 0.555
E3 0.555, 2.849, 6.993 0.777, 6.327, 9 1, 0.816, 0.714
E4 2.775, 5.439, 9 0.777, 4.995, 9 1, 0.999, 0.555
E5 2.775, 5.439, 9 3.885, 8.325, 9 0.333, 0.471, 0.555
E6 3.885,7, 9 3.885, 7.668, 9 0.2, 0.36, 0.555
E7 0.555, 2.331, 4.995 0.777, 2.997, 9 1, 0.999,1
E8 2.775, 5.439, 9 2.331, 7.668, 9 0.2, 0.426, 0.555
E9 2.775, 5.439, 9 2.331, 6.327, 9 1, 0.690, 0.71
E10 0.555, 4.41, 9 0.777, 4.329, 9 1, 0.690, 0.555
A* 3.885, 7, 9 3.885, 8.325, 9 1, 0.999,1
A̶  0.555, 2.331, 4.995 0.777, 3.663, 6.993 0.2, 0.36, 0.555
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Table 12: Distance of each alternative from FPIS
 Productivity Serviceability Time di*
Enablers     
E1 1.105 3.436 0.2569 4.798
E2 1.105 1.181 0.6347 2.921
E3 3.283 2.133 0.196 5.612
E4 1.105 2.629 0.2569 3.991
E5 1.105 0 0.5542 1.659
E6 0 0.3793 0.644 1.023
E7 4.038 3.561 0 7.599
E8 1.105 0.974 0.6235 2.703
E9 1.105 1.461 0.244 2.810
E10 3.237 2.922 0.3127 6.472
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Table 13: Distance of each alternative from FPNS
 Productivity Serviceability Time di-
Enablers     
E1 3.195 0 0.528 3.723
E2 3.195 2.417 0.257 5.869
E3 1.191 1.925 0.539 3.655
E4 3.195 1.39 0.591 5.176
E5 3.195 3.436 0.1 6.731
E6 4.038 3.147 0 7.185
E7 0 1.22 0.644 1.864
E8 3.195 2.737 0.038 5.970
E9 3.195 2.124 0.507 5.826
E10 2.605 2.114 0.568 5.287
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Table 14: Ranks of JIT enablers using fuzzy TOPSIS and comparison with GRA ranks
Enablers di* di- CCi  Fuzzy TOPSIS Rank GRG GRA ranks
E1 4.798 3.723 0.437 8 0.442 8
E2 2.921 5.869 0.668 5 0.476 6
E3 5.612 3.655 0.394 9 0.368 9
E4 3.991 5.176 0.565 6 0.519 5
E5 1.659 6.731 0.802 2 0.832 2
E6 1.023 7.185 0.875 1 0.956 1
E7 7.599 1.864 0.197 10 0.338 10
E8 2.703 5.970 0.688 3 0.718 3
E9 2.810 5.826 0.675 4 0.622 4
E10 6.472 5.287 0.450 7 0.458 7
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E1 0.442 8 0.4503 9 0.3485 10 0.4808 7 0.4444 8
E2 0.476 6 0.4890 6 0.4752 6 0.5055 6 0.4800 7
E3 0.368 9 0.4618 8 0.3610 8 0.3793 9 0.3812 9
E4 0.519 5 0.5750 5 0.4957 5 0.5391 5 0.5533 5
E5 0.832 2 0.8113 2 0.7883 2 0.8514 2 0.8295 2
E6 0.956 1 0.9695 1 0.9862 1 0.9846 1 0.9289 1
E7 0.338 10 0.3376 10 0.4388 9 0.3404 10 0.3410 10
E8 0.718 3 0.7201 3 0.6790 3 0.7212 3 0.7618 3
E9 0.622 4 0.6355 4 0.6395 4 0.6264 4 0.5862 4
E10 0.458 7 0.4704 7 0.4485 7 0.4551 8 0.5213 6
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